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METEOROLOGY 
 
A very unique and uncharacteristic  weather pattern for mid -August developed across AZ on 
August 19th.  This event was highlighted by forcing from an approaching upper -level trough co -
located over an unstable and moist atmosphere across south-central AZ.  Multiple waves of 
training thunderstorms dropped heavy rainfall across the high terrain and lower deserts of 
central Maricopa County over a 12-hr period leading to a widespread flooding event .  
 
Synopsis: 
 
The synoptic setup on the morning of the event is shown in below in Figure 1.  In the upper 
levels, a weakening Monsoon ridge can be seen centered over southern NM/west TX.  Further to 
the west, an unseasonably strong upper-level trough was digging south off the coast of central 
CA.  Additional inspection of the 500mb and 300mb maps also reveal s a shortwave disturbance 
rotating around the base of the upper -level trough across the Lower Colorado River Valley into 
western and central portions of AZ.  Forcing from this fea ture served as a catalyst to help 
initiate t hunderstorms during the early morning hours of the event.  Looking at the mid -levels, 
strong southwesterly flow was evident in both the 700mb and 850mb maps along with a distinct 
moisture axis located along the C A/AZ border.  Surface moisture values were unseasonably high 
with surface dewpoints running in the upper 60s to low 70s across much of southern AZ.   
Precipitable water values were reported  in the  1.87ó-2.07ó range through the morning or 1.75 
times higher than normal for mid -August (NWS PHX).  Water vapor imagery (courtesy of the NWS 
PHX) on the morning of the event depicted the aforementioned large scale features and 
distribution of moisture around the Desert Southwest.  
 
The atmospheric profile over Phoenix during the early morning hours was highly unstable as 
shown in the 12Z (5:00am MST) Phoenix sounding (Figure 2, below).  Thermodynamic 
variables/indices of note include: the high CAPE/low CIN profile, negative lifted indices and 
highly elevated moisture variables.  The wind profile was characterized by favorable vertical and 
directional  wind shear, i.e. increasing magnitude and veering with height (clockwise turn), which 
is conducive for organized multi -cell thunderstorm development as opposed to typical Monsoon 
air-mass thunderstorms.  Table 1 (below) shows values from the Districtõs hourly Convective 
Quantitative Precipitation Forecast at 5:06am MST .  It  was generated before the development of 
the first wave of thunderstorms that traversed the County.  Of note, are the rather large 1 -hr, 
30-min, and 10-min potential rainfall rates throu ghout the Districtõs 16 forecast zones.  These 
rain rates were indicative of the storm environm ent through the remainder of the morning and 
suggested heavy rainfall capable of widespread f lash f looding.  
 
The large-scale setup and atmospheric profile discus sed above closely resemble a Type IV 
transitional severe weather/flooding pattern most often seen during September at the end of 
the Monsoon season or during the fall months (uncommon for mid -August).  One key component 
to this pattern worth noting again w as strong mid and upper level southwesterly flow out ahead 
of the trough.  On the day of the event, southwesterly steering flow provided two key 
mechanisms for storm enhancement: cell training (storms continuously redevelop over the same 
area) and orographic upslope enhancement (moist low -level flow is lifted up along the higher 
terrain areas to fuel developing thunderstorms). Both of these characteristics were observed 
through radar imagery and are referenced in subsequent sections. More information on sev ere 
weather/flooding patterns during the Monsoon season can be found here or by viewing Maddox 
et al. (1995) . 
 

http://alert.fcd.maricopa.gov/alert/WY14/NWS_WV_loop.gif
http://www.wrh.noaa.gov/twc/monsoon/monsoon_patterns.php
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Storm Summary and Radar Imagery: 
 
The heavy rain that fell across the high terrain and lower deserts of central Maricopa County on 
August 19th came in approximately three waves roughly spanning a 12 -hr period.  A radar loop 
covering most of the event (3:00am -5:00pm MST) can be viewed using the following links 
(download format: .avi , .gif ).  The first wave of storms developed shortly after 5:00am MST west 
of the Loop 303 corridor and extended southeast into the Sierra Estrella range.  Over the next 90 
minutes these storms rapidly intensified as they moved northeast into the central Phoenix 
corridor.  Further intensification occurred, aided by orographic lift, over the next hour as storms 
congealed into a well -organized cluster moving upslope into the higher terrain areas of north 
Phoenix, New River, Cave Creek, and north Scottsdale.  Rainfall r ates with this cluster peaked 
around 1.00ó-2.50ó per hour (image). The bulk of this wave moved east into the Verde River 
Valley by 8:30am MST. 
 
The second wave of thunderstorm activi ty was already underway by 8:00am.  Thunderstorm 
initiation was occurring to the southwest of US 60/93 corridor from Wickenburg through the 
Wittmann area.  Mid-level steering flow had shifted slightly from southwesterly to the 
west/southwesterly.  This change in the flow created an optimal environment for continuous 
storm training and further orographic enhancement.  Radar imagery (download format: .avi , .gif ) 
from 8:30am-11:00am MST clearly showed a near steady-state pattern of continuous storms 
moving up and over the southern reaches of the Bradshaw Mountain range (Wickenburg and 
Hieroglyphic Mountains) east/northeast into the New River watershed.  A secondary line of 
strong thunderstorms developed shortly after 11:00am MST extending from the Cave Creek 
Watershed southwest through the I -10 corridor in Glendale.  These storms rapidly intensified as 
they moved east/southeast across the central and east Valley.  Rainfall rates along this line 
peaked around the 0.75ó-1.50ó range per hour (image) before storms weakened passing through 
the Southeast Valley by 2:00pm MST.  A radar loop covering the southern half of the second 
wave can be viewed using the following links (download format: .avi , .gif ).  
 
A third wave of activity brought intermittent heavy rainfall from clusters of storms moving from 
west to east across the County.  The leading edge of this third wave began moving through the 
Upper Centennial and Wickenburg areas by 2:00pm MST and then passed over New river by 
3:00pm MST.  Isolated clusters of storms then continued for the next four to six hours moving 
along the I -10 corridor from Tonopah through Tempe.  The most notable round of storms in this 
wave developed over the White Tank Mountains around 6:00pm.  Images of these storms as 
viewed from the District office can be view here.  A Severe Thunderstorm Warning was issued by 
NWS Phoenix for these storms as they produced 50mph winds near Luke Air Force Based and 
dropped brief heavy rainfall over the El Mirage, Litchfield Park, Avondale and Lavee n areas 
between 6:00pm-8:00pm MST. 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://alert.fcd.maricopa.gov/alert/WY14/081914_radar_loop.avi
http://alert.fcd.maricopa.gov/alert/WY14/081914_radar_loop.gif
http://alert.fcd.maricopa.gov/alert/WY14/1hr_rainfall.jpg
http://alert.fcd.maricopa.gov/alert/WY14/081914_NRCC_loop.avi
http://alert.fcd.maricopa.gov/alert/WY14/081914_NRCC_loop.gif
http://alert.fcd.maricopa.gov/alert/WY14/3hr_rainfall.jpg
http://alert.fcd.maricopa.gov/alert/WY14/081914_PHX_loop.avi
http://alert.fcd.maricopa.gov/alert/WY14/081914_PHX_loop.gif
http://alert.fcd.maricopa.gov/alert/WY14/WestValley_storms.gif
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4-Panel 12Z (5:00 AM) Synoptic Setup 08/19/2014 
 

 
 

 
 
Figure 1 depicts the synoptic setup at 12Z (5:00 PM MST) on August 19

th
 2014.  The images are from the 

Storm Prediction Center upper air maps archive. A) is the 850mb map: the black lines are heights, the red 
dashed lines are isotherms, the green lines are isodrosotherms, blue barbs are wind speed, and station 
observations are plotted at each available location. B) is the 700mb map: variables colored the same as A. 
C) is the 500mb map: variables colored the same as in A. D) is the 300mb map: the black lines are stream 
lines, the yellow lines are divergence, and station observations are plotted at each available location.   

 

 
 
 
 
 
 
 
 
 
 

FIGURE 1 
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12Z (5:00 AM) KPSR Sounding For 08/19/2014 
 

 
 

Figure 2: Skew-T/log P (vertical profile of the atmosphere above Phoenix) diagram at 5:00am MST on August, 19
th

, 

2014.  The vertical axis is pressure in (hPa) and the horizontal axis is temperature in (°C).  The thick solid red line is the 
temperature profile and the thick solid blue line is the parcel lapse rate.  The thick solid green line is the moisture profile.  
The vertical axis on the right displays the wind speed and direction at each level in knots.  Green lines sloping from upper 
left to lower right are constant potential temperature (°K).  Thin blue lines sloping from right to left are isotherms (°C).  
Dashed thin brown lines are constant mixing ratio (g/Kg). Light dashed blue lines are moist adiabats (°K). 

 
 

TABLE I: Hourly Quantitative Precipitation Forecast, Valid 5:06am MST 08/19/14 

 
Convective QPF (in) Antecedent Zone Avg. Rainfall (in) 

MSP Forecast Zone 1-hr 30-min 10-min 3-hr 1-day 2-day 3-day 

Gila Bend 2.31 1.62 0.97 0.04 0.04 0.13 0.13 

Palo Verde 1.97 1.38 0.83 0.00 0.00 0.09 0.09 

Rainbow Valley 2.56 1.79 1.07 0.00 0.00 0.11 0.11 

West Valley 2.93 2.05 1.23 0.00 0.00 0.10 0.10 

Northwest Valley 2.94 2.06 1.23 0.00 0.03 0.38 0.36 

Upper Centennial 1.84 1.29 0.77 0.03 0.21 0.29 0.29 

Wickenburg 1.84 1.29 0.77 0.05 0.22 0.22 0.22 

New River/Cave Creek 2.13 1.49 0.89 0.01 0.01 0.17 0.17 

Sycamore Creek 1.20 0.84 0.51 0.02 0.02 0.39 0.39 

Phoenix North 2.46 1.72 1.03 0.00 0.01 0.09 0.09 

Phoenix South 2.55 1.78 1.07 0.00 0.00 0.01 0.01 

Scottsdale North 2.40 1.68 1.01 0.00 0.00 0.13 0.13 

Scottsdale South 2.20 1.54 0.92 0.00 0.00 0.05 0.05 

Southeast Valley 2.51 1.76 1.06 0.00 0.00 0.06 0.06 

Lower Salt River Lakes 2.60 1.82 1.09 0.00 0.00 0.47 0.47 

Superstition 2.60 1.82 1.09 0.00 0.00 0.14 0.14 

FIGURE 2 
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Figure 3:  A water -vapor satellite image courtesy of the US Naval Research Laboratory, shows three 
features of note: 1) cloud tops of the storm over central AZ approached -70º C, 2) the position of the 
approaching low-pressure system (L), and 3) the position and influence of Hurricane Lowell as an 
additional moisture source.  The image was taken August 19, 2014 at 7:30 AM MST. 

  

FIGURE 3 
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PRECIPITATION 
 
Summary Statistics:  
 
Total FCDMC Automated Rain Gages Installed: 313 
Number of Rain Gages which failed to operate during the storm: 1 (#5640) 
Overall Percent Operational Automated Rain Gages for the Storm: 99.7% 
 
For August 19th, 2014: 
  
Number of FCDMC ALERT gages recording more than: 
 

5.00 inches of precipitation  ....................   3 
4.00 inches ................................ .........  8 
3.00 inches ................................ ........  17 
2.00 inches ................................ ........  37 
1.00 inch ................................ ........  109 
0.50 inch ................................ ........  156 
0.10 inch ................................ ........  235 

 

 
 
This 24-48 hour rainfall forecast was issued by the National Weather Serviceõs National Center for 
Environmental Prediction (NCEP) on August 18th at 2:44 PM MST for the period Monday Aug. 18th 5:00 PM 
MST through Wednesday Aug. 20th 5:00 PM MST.  Although underestimating the rainfall in parts of central 
AZ, it  alerted many emergency responders and the media to the severity of the expected rainfall in the 
coming days. 

FIGURE 4 
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Figure 5 above was created with  ESRI ARCMap® using 24-hour rainfal l totals from FCDMC ALERT gages and 
the ònearest neighboró method to interpolate amounts between the gages.  The estimated rainfall for 
Cooks Mesa, #5640, is included with the recorded gage amounts. The contours illustrate the effects of 
orographic lifting in this area of AZ when storms moving generally west to e ast from the deserts to the 
foothills dropping larger amounts of precipitation as they move upslope.  

FIGURE 5 
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RAINFALL STATISTICS ð NORTHERN MARICOPA COUNTY 
 

 
 
As shown in Figure 6 above, nine gages are chosen for detailed frequency analysis.  
These were chosen to represent the watersheds hit hardest by the storm , with the 
exception of #9 in the Upper AZ Canal Diversion Channel Watershed.  In Tables II-X 
below, peak rainfall amounts for durations of 15 minutes to 24 hours were calculated for 
this storm.  
 

Also in Figure 6 is a yellow marker with a black òEó.   This is the location of an FCD 
ALERT gage named òCooks Mesaó, #5640.  Cooks Mesa is at the very top of the New River 
watershed, and consistently records the highest rainfall amounts in the watershed du ring 
storms of this type.  This is the only FCD rain gage that failed to operate during the 
storm.  It is marked with an òEó for estimated, because data for this storm was entered 
into the ALERT database from the distribution for gage 4970 and an increase in depth of 
5% - typical of previous storms.  The effect of its missing data can be seen in Appendix 
A, Figure a), which was generated with a real -time data feed .  Figure b in Appendix A 
adds evidence to past experience by showing rainfall estimates in the area unaffected by 
gage adjustment . 
 

 
 
 
  

1) New River 
Mesa #4970 

2) New River 
Fire #5635 

3) Camp Creek 
#5955 

4) Carefree 
Ranch # 4930 

5) Cline Creek 
#5580 

6) Lake Pleasant 
North #5660 

7) Horsethief 
Basin #5700 

8) Towers Mtn. 
#5340 

9) Phoenix Dam 

#7 #4850 

FIGURE 6 
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Table II below is the NOAA Atlas 14 Point Precipitation Frequency Estimate Table at the 
latitude/longitude of the New River Mesa rain gage (4970).  This gage is near the 
boundary between the Upper Cave Creek and Upper New River watersheds.  The red row 
lists the rec orded rainfall values from 0 8/1 9/201 4.  The blue row is the interpolated 
return period in years for each duration  from 15 minutes to 24 ho urs.  AEP is òAnnual 
Exceedance Probabilityó.  For this gage, we can surmise that the 6 -hour duration rainfall 
scaled to a return period of slightly more than 500 years, although nearly all of that rain 
fell in a 4 -hour period.   
 
 
 

TABLE II - Precipitatio n Frequency Estimates (in)  
for New River Mesa # 4970; Elev. 3,960 ft.  

AEP 
(1-in -Y) 

  
15 

min  
30 

min  
60 

min  
120 
min  

3 
hr  

6 
hr  

12 
hr  

24 
hr  

 

2   0.57 0.77 0.95 1.10 1.18 1.39 1.69 2.08  

5   0.83 1.12 1.39 1.57 1.66 1.89 2.27 2.90  

10   1.02 1.37 1.70 191 2.00 2.24 2.67 3.48  

25   1.26 1.70 2.10 2.36 2.46 2.72 3.18 4.26  

50   1.45 1.95 2.41 2.71 2.82 3.09 3.57 4.89  

100   1.65 2.22 2.75 3.09 3.22 3.49 3.99 5.56  

200   1.85 2.49 3.09 3.47 3.63 3.90 4.39 6.25  

500   2.14 2.87 3.56 4.02 4.21 4.46 4.94 7.23  

1000    2.37 3.19 3.94 4.46 4.69 4.91 5.40 8.01  

Rain (in)   1.26 1.65 2.24 2.64 2.72 4.49 4.80 4.80  

AEP (years)  25 22 34 44 41 524 396 45  

 
 
 

 
 
 
  

FIGURE 7 

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/az_pfds.html
http://alert.fcd.maricopa.gov/alert/Rain/Master/4970.pdf
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Table I II below is the NOAA Atlas 14 Point Precipitation Frequency Estimate Table at the 
latitude/longitude of the New River Fire rain gage (5635).  This gage is in the Upper New 
River watershed.  The red row lists the recorded rainfall values from 0 8/1 9/201 4.  The 
blue row is the interpolated return period in years for each duration  from 15 minutes to 
24 hours.  AEP is òAnnual Exceedance Probabilityó.  For this gage, we can surmise that 
the 6-hour duration rainfall scaled to a return period of slightly less than 900 years, 
although nearly all of that rain fell in a 5-hour period.   
 
 
 

TABLE III - Precipitation Frequency Estimates (in)  
for New River Fire # 5635 ; Elev. 2,485 ft.  

AEP 
(1-in -Y) 

  
15 

min  
30 

min  
60 

min  
120 
min  

3 
hr  

6 
hr  

12 
hr  

24 
hr  

 

2   0.55 0.75 0.92 1.07 1.15 1.36 1.66 1.99  

5   0.81 1.09 1.35 1.54 1.62 1.86 2.24 2.75  

10   0.99 1.33 1.64 1.87 1.96 2.21 2.63 3.28  

25   1.22 1.64 2.03 2.30 2.40 2.67 3.15 3.99  

50   1.40 1.88 2.33 2.64 2.76 3.03 3.54 4.55  

100   1.59 2.14 2.65 3.00 3.14 3.42 3.94 5.15  

200   1.78 2.40 2.97 3.36 3.54 3.81 4.34 5.75  

500   2.04 2.75 3.40 3.86 4.09 4.35 4.88 6.59  

1000    2.25 3.03 3.75 4.26 4.55 4.79 5.32 7.26  

Rain (in)   0.75 1.30 2.09 2.68 2.91 4.72 5.16 5.16  

AEP (years)  4 9 29 54 66 896 777 103  

 
 
 

 
 
 

FIGURE 8 

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/az_pfds.html
http://alert.fcd.maricopa.gov/alert/Rain/Master/5635.pdf

















































